Antimicrobial activity of the following four new N-chloramine compounds was evaluated: two chlorinated simple amino acids, a chlorinated half-ester of succinic acid, and a chlorinated half-ester of glutaric acid. For comparison, the known bactericidal agents 3-chloro-4,4-dimethyl-2-oxazolidinone and chlorhexidine were evaluated by the same procedure. The contact germicidal efficiency screen was used to examine the in vitro bactericidal activity of all six compounds in the absence and presence of 5% horse serum or 5% Triton X-100. The four new compounds were found to have greater germicidal activity than the other compounds tested and to exhibit low toxicity and skin irritation values. The in vivo bactericidal activity was evaluated in two studies. In the occlusion test, three of the four new compounds plus chlorhexidine diacetate were tested. The Nchloramines were significantly superior to chlorhexidine in preventing the expansion of the normal flora under occlusion. In the scrub test, a gloved-hand wash method was used to compare the antimicrobial effect of a 1% solution of the chlorinated half-ester of succinic acid in triacetin with that of a commercial germicidal hand wash containing 4% chlorhexidine gluconate. The two preparations exhibited essentially the same hand-degerming activity.
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New germicidal agents are constantly being sought. Compounds with excellent germicidal activity, low toxicity, and nonirritating properties are needed as disinfectants when low levels of bacteria on the skin are desired.
Several germicide-containing products available today are specifically designed to disinfect the skin. Some of the more widely used products contain chlorhexidine as the active ingredient. The germicidal activity of chlorhexidine and the activity of the products containing chlorhexidine have been studied extensively (1, (6) (7) (8) .
A series of N-chloramine compounds was studied in this laboratory and screened for germicidal activity. Occlusion test. A total of nine subjects were tested. After the control study described below, a test panel of five remained. Each subject used only Ivory bar soap (Proctor and Gamble, Cincinnati, Ohio) 2 weeks before and during the study.
The topical evaluation procedure previously described (7) was followed except that the 24-h occlusion was achieved with the test strips described in the irritation study. Each 
RESULTS
CGE screen. Table 1 shows the in vitro antimicrobial activity of the N-chloramines and chlorhexidine diacetate. The chlorinated amino acids were found to be the most potent bactericides. Compound Ila effected sterilization of all five test organisms in 2.5 min or less at 10 ,ug/ml. The two chlorinated half-esters, IIIa and IIIb, effected sterilization in 2.5 min or less at 100 ,ug/ml.
Compound I, the chlorinated oxazolidinone, was 10-fold less potent than the half-esters. Due to low solubility, chlorhexidine diacetate was screened at 200 and 100 ,ug/ml. Exhibiting excellent germicidal activity at 200 ,ug/ml, chlorhexidine diacetate showed much less activity against S. aureus at 100 ,ug/ml and appeared generally less potent than the II or III series N-chloramines.
A 30-min exposure to serum had a denaturing effect on the compounds (Table 1) . However, by increasing the concentration of the N-chloramines from 300 to 1,000 ,ug/ml, much of the deactivating effect of the serum was overcome.
The new N-chloramines and chlorhexidine diacetate showed little or no decrease in germicidal activity after a 30-min exposure to Triton X-100. Compound I, however, did lose potency.
Skin irritation study. After determining the in vitro antibacterial activity of these new N-chloramines and before beginning in vivo testing, some irritation and toxicity information was generated. Even at 1%, a concentration well above the level required for germicidal activity, compounds hIa, IIIa, and IIIb caused only mild or no irritation on rabbit skin (Table 2) . Suspensions at 5% caused moderate irritation.
Acute oral LD50. To determine the acute oral 50% lethal dose (LD50), 18 to 20-g Swiss white female mice were tested. The compounds tested were dissolved in purified water, and 1.2-fold serial dilutions were made. For each dilution, 10 mice were given 0.2 ml of solution orally. The surviving mice were counted after 6 days, and the LD50 was calculated as previously described (4). The acute oral LD50 for Ila was 495 mg/kg, and that for Illb was 785 mg/kg.
Occlusion test. The data generated thus far a One-tailed Student t test comparing combined log CFU per centimeter squared under control patches with mean log CFU per centimeter squared under the test patch. NS, Not significant; *, 0.01 < P < 0.05; **, 0.001 < P < 0.01; ***, P < 0.001.
b One-tailed Student t test comparing mean log CFU per centimeter squared under test compound IV patch with mean log CFU per centimeter squared under N-chloramine patches. were analyzed, and three of the most promising N-chloramines and chlorhexidine diacetate were evaluated as topical antiseptics for human use.
Due to the change in the occlusion test procedure, controls were run to assure the validity of the new method. Table 3 illustrates the consistency with which the normal flora expanded under the patches of the test strips.
The in vivo germicidal efficiency of the selected N-chloramines was excellent and significantly greater than that of chlorhexidine diacetate (Table 4) . A significant reduction in the expansion of the normal flora was observed when Ila and IlIb at 10 ,ug/ml or chlorhexidine diacetate at 1,000 ,ug/ml was used.
Scrub test. The chlorinated half-ester of succinic acid was the only N-chloramine evaluated in this study. It exhibited germicidal activity, low toxicity, and long-term stability in triacetin. Chlorhexidine gluconate was evaluated in its marketed form, Hibiclens.
No significant differences were observed in the normal levels of aerobic bacteria recovered from the left and right hands. Thus, base-line geometric and logarithmic mean levels for both hands were calculated (Table 5 ) and used to evaluate the effect of the test preparations on the normal microflora of the hands.
The crossover design demonstrated a reproducible sampling procedure as well as a sufficient regrowth period between treatments. The mean log number of bacteria recovered immediately after washing did not vary significantly from one day to the next for any of the preparations (Table 6) .
Triacetin, 1% IlIa in triacetin, and Hibiclens all caused a significant reduction in the level of bacteria on the hands immediately after washing ( Table 7) . The 1% IIIa-triacetin solution and Hibiclens caused similar reductions, both of which were significantly greater than reductions effected by triacetin alone or by Ivory soap.
The short-term duration of the germicidal activity was assessed by sampling one hand of each subject at 30-min postwash. Triacetin, 1% IlIa in triacetin, and Hibiclens all maintained a significant reduction in the level of bacteria on the hands. Triacetin alone had its strongest effect at 30-min postwash. Washing twice with Ivory soap also caused a significant reduction in bacteria at 30-min postwash. The four new N-chloramines were 10 times more efficient as germicides than chlorhexidine diacetate in the in vitro CGE study. They effected sterilization at a concentration 5-to 50-fold less than the concentration at which skin irritation occurred. Although 5% serum inhibited the activity of N-chloramines at 300 jxg/ml, germicidal activity was regained by raising the concentration of the N-chloramines to 1,000 ,ug/ml. Chlorhexidine diacetate was also inhibited by serum at 300 ,ug/ml. The nonionic detergent Triton X-100 had little or no effect on the activity of the new compounds or chlorhexidine diacetate.
The N-chloramines were 10 to 100 times more effective than chlorhexidine diacetate in preventing the expansion of the normal skin microflora under occlusion. The N-chloramines also caused little skin irritation. In fact, they prevented the expansion of the microflora at concentrations 100-to 1,000-fold less than the concentration at which skin irritation occurred.
Finally, in the scrub test, the 1% nonsudsing triacetin solution of compound IIIa had a handdegerming capability equal to that of the 4% preparation of chlorhexidine gluconate. This was found to be true for all three sampling times.
The data presented indicate that these novel N-chloramines are excellent germicidal agents. In both the in vitro and in vivo studies, they were superior to one of the more popular topical disinfectants used today. They have low toxicity and cause skin irritation only at concentrations much higher than that needed for germicidal activity. Combined with their low production cost and long-term stability in triacetin, these new compounds demonstrate the potential to be practical and efficient germicidal agents.
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